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1 . A method for maintaining the stoichiometry of a high dielectric 
constant thin film material formed on a three dimensional suHstrate, said method 
comprising: 

providing a substrate having a first level and a/second level, wherein said 
first and second levels are connected by a sidewajr region between said first and 
second levels; 

forming a high dielectric constant min film material on said substrate; and 

doping said high dielectric thuynlm material with a dopant by ion 
implantation, wherein said higryctie^cytric thin film material is doped to maintain 
the stoichiometry of said hie ric thin film material. 



The meeiod according to claim 1, wherein said high dielectric thin 


film material is dop 


3 . The method a 


constant thin 


SrTiO, and P 


ing/ the implant angle of the dopant. 

to claim 2, wherein said high dielectric 
ected from thegroup consisting of BST, SBT, 


e method according to claim 3, wherein said high dielectric 


constant thin f 1m material is BST. 


5 . / yThe method according to claim 4, wherein said dopants are 
selected from the group consisting of barium, strontium and titanium. 
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6. The method according to claim 2, wherein said high/Gielectric 
constant thin film material is a pervoskite of the formula ABO s vvhere A 
represents metals selected from Ba, Bi, Sr, Pb, Ca, and La, and B represents 
metals selected from Ti, Zr, Ta, Mo, W, and Nb. 


7. The method according to claim 6, wherein said doping step 
includes doping the A-site of said high dielectric constant thin film material with 
a dopant selected from the group consisting/of Ba, Bi, Sr, Pb, Ca, and La. 


8. The method according ^c^aim 6, wherein said doping step 

includes doping the B-site'of said high dielectric constant thin film material with 

// // I 

a dopant selected from/the group consisting of Ti, Zr, Ta, Mo, W, and Nb. 


9. The method/according to claim 6, wherein said pervoskite is 

It II \ 

barium stxontium'titarute/and said doping step includes doping the A-site with a 
dopant selected/from xjic group consisting of Ba, and Sr. 


10. / The method according to claim 6,^y/nerein said pervoskite is 
barium strontium ti/anite and said doping^tep includes doping the B-site with 


Ti. 


11. Tlie method according to claim 10, wherein said barium strontium 
titanite is doped widi Ti to maintain a Ti percentage of from about 50% to about 
53.5% in said barium strontium titanite film. 
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12. The method according to claim 11, wherein the ratic/of Ba to Sr is 
about 70:30. 


13. A method for maintaining the stoichiomeuy of a high dielectric 
constant thin film material formed on a three dimensional substrate, said method 
comprising: 

providing a substrate having a first level and a second level, wherein said 
first and second levels are connected Jby)a/sidewall region between said first and 
second levels; 

forming a high oUele/:tric/€cpstant thin film material on said substrate; 

forming a capping lay/r pycr said first level and said second level of said 
substrate; and 

doping saicymgl^ielectric thin film material formed on said sidewalis 
with a dopant by ion implantation, wherein said high dielectric thin film material 
is doped to maintain/the stoicliiometry of said high dielectric thin film material. 


14. 


he method according to 


thin film material/^ doped by vary: 
line 


''the 


taim 13, wherein said high dielectric 
implant angle of the dopant. 


metiiod according to claim 14, wherein said high dielectric 
in film material is 


selected from the group consisting of BST, SBT, 


SrTi0 3 and PZ 
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16. The method according to claim 15, wherein said Jaigh dielectric 
constant thin film material is BST. 

17. The method according to claim 16, wherein said dopants are 
selected from the group consisting of barium, strontium and titanium.. 

18. The method according to claim 14, wherein said high dielectric 
constant thin film material is a pervosk^eof the formula ABO, where A 
represents metals selected from Ba, BL^CPb, Ca, and La, and B represents 
metals selected from Ti, Zr, Ta, Mo, W, and Nb. 


19. The methocf according to claim 18, wherein said doping step 
includes doping the K~I\xI oj^2x& Jigh dielectric constant thin film material with 
a dopant selected from/the group/consisting of Ba, Bi, Sr, Pb, Ca, and La. 


includes doping/ die/B-site 
a dopant selected from the groifp 


20. Thj£ r/iethod according to claim 18, wherein said doping step 

of sajd high dielectric constant thin film material with 
consisting of Ti/Zr, Ta, Mo, W, and Nb. 


jTlie method according tcy&aim 18, wherein said pervoskite is 
fm titanite and said doping step includes doping the A-site with a 
dopant seletnea from the group consisting of Ba and Sr. 
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22. The method according to claim 18, wherein said nervoskite is 
barium strontium titanite and said doping step includes doping the B-site with 
Ti. 

23. The metiiod according to claim 22, wherein said barium strontium 
titanite is doped with Ti to maintain a Ti percentage of from about 50% to about 
53.5% in said barium strontium titanite film. 

24. The method according td/clairn23, wherein the ratio of Ba to Sr is* 
about 70:30. 


25. A method for/maintaining die stoichiometry of a BST high 

/// , 

dielectric constant thin film mate/ial formed on a three dimensional substrate, 


/ / 

said method comprising: / 

/ , , 

providing a substrate/ having a 
first and second levels are Connected 
second levels; 


first level and a second level, wherein said 
?y a sidewall region between'said first and 


forming a [BST High dielectric constant diin^tfm material on said 
substrate; and 

doping said BST high dielectric thin film material with a dopant by ion 
implantation, whore jn said BST high dielectric thin film material is doped to 
maintain the stoichiometry of said BST high dielectric thin film material. 
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26. The method according to claim 25, wherein BST high dielectric 
thin film material is doped by varying the implant angle of the dopant. 

27. The method according to claim 26, wherein said dopants are 
selected from die group consisting of barium, strontium and titanium. 

28. The method according to clairr/27, wherein said BST high 
dielectric thin film material is doped with ^dopant selected from the group 
consisting of Ba, and Sr. 

29. The method acp6«fing to claim 27, wherein said BST high 
dielectric thin film material is idoped with Ti. 


30. The roetho^/accor^ing to claim 29, wherein said BST high 
dielectric thin film 7 material is ddlped with Ti to maintain a Ti percentage of from 
about 50% to aj/out/53.5% throughout said BST high dielectric thin film 
material. 


31 J 


about 70/30/ 


ie method ac 


zording to claim 30, wherein the ratio of Ba to Sr is 


A method for maintaining the stoichiometry of a BST high 
dielectri^cdnstant thin film material formed on a three dimensional substrate, 
said method comprising: 
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providing a substrate having a first level and a second le/el, wherein said 
first and second levels are connected by a sidewall region between said first and 
second levels; 

forming a BST high dielectric constant diin/nlm material on said 
substrate; 

forming a capping layer over said first and second levels of said substrate; 

and 

doping said BST high dielecprit thin film material formed on said sidewalls 
of said substrate with a doparft hfij($\ implantation, wherein said BST high 
dielectric thin film mater^l isA^ed to maintain the stoichiometry of said high 
dielectric thin film material 

33. The/me/bfod According to claim 32, wherein BST high dielectric 
thin film materia/ is/dppea by varying the implahtTangle of the dopant. 


selected from 


ethpd according to claim 33, wherein said dopants are 
consisting of barium, strontium and titanium. 


357 I T?he method according to claim 34, wherein said BST high 
dielectric/ t±tirbfilm material is doped with a dopant selected from the group 

consisting of Ba, and Sr. 

J 
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38. The 
about 70:30. 



36. The metl^od according to claim 34, wherein said BST high 
dielectric thin film material is doped widi Ti. 

37. The method according^clajfn 36, wherein said BST high 
dielectric thin film material is doped to maintain a Ti percentage of from 
about 50% to about 53.5% tKrougsftcmt said BST hieh dielectric thin film 
material. 


d according to claim 37, wherein the ratio of Ba to Sr is* 


39. A BST high dielectric constant thin film material having improved 
side wall stoichiometry jJafmedNjy the steps of: 

providing / substrate having at le^sJ-an^ horizontal component and at 
least one verti/al component; 

formiW a BST hj^Cdielectr>C constant jfoin film material on said 
substrate; and 

doping said BST hjgh dielectricymm film material with a dopant by ion 
implantation, whereirysaid BST high dielectric thin film material is doped to 
maintain the stoidfcometry of said BST high dielectric thin film material. 
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40. The BST high dielectric constant thin film material/according to 
claim 39, wherein BST high dielectric thin film material is dofjed by varying the 
implant angle of the dopant. 

41. The BST high dielectric constant thin fi^fn material according to 
claim 40, wherein said dopants are selected from th^ group consisting of barium, 
strontium and titanium. 

42. The BSJiiigh diefcetric constant thin film material according to 
claim 40, wherein said BST higH faefecEti^hin film material is doped with a 
dopant selec/fed from the grorip consisting or Ba, and Sr. 

43 \ The BST/h^h cfteleatric con/tant thin film material according to 
claim 40, wherein said BST higbr dielectric thin film material is doped with Ti. 

44. The BST high/ dielectrit constant thin film material according to 
claim 43, wherein said BST high dielectric thin film material is doped with Ti to 
maintain a Ti percentage of from about 50% to about 53.5% throughout said 
BST high dielectric thjn film material. 

45. The BST high dielectric constant thin film material according to 
claim 44, wherein the ratio of Ba to Sr is about 70:30. 
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46. The BST high dielectric constant thin film material according to 
claim 40, wherein said BST high dielectric thin film mate^al is included in a 
DRAM cell. 

47. The BST high dielectric constant tMn film material according to 
claim 40, wherein said BST high dielectric thhf film material is formed in a 
capacitor. 


^1 


UJ 
\ y 

5 10 

o 


15 



48'. A BST high diel^tnje^on/tant thin film material having improved 
side wall stWhiometry forrWcl by the/steps of: 


providing a sulfate ha\^x^fir^ev^Wd a^se^oncUev^ said 
first and second levels are conne/te^ by a s^aewall region between said first and 
second levels; 

forming a BST higr/dielectric ytonst^nt thin film material on said 
substrate; 

forming a capnmg layer over said first and second levels of said substrate; 

and 

doping said BST high dielectric thin film material formed on said sidewalls 
of said substrate /vith a dopant by ion implantation, wherein said BST high 
dielectric thin film material is doped to maintain the stoichiometry of said high 
dielectric thin/ film material. 


925075 v1; JTSJ01I.DOC 


Docket No. M4065.139/P139 26 Micron Ref.: 98-0981.00/US 

49. The BST high dielectric constant thin film material according to 
claim 48, wherein BST high dielectric thin film material is doped by varying the 
implant angle of the dopant. 

50. The BST high dielectric constant thirt film material according to 
claim 49, wherein said dopants are selected from ^he group consisting of barium, 
strontium and titanium. 

5 1 . The BST high^iieteetric con/tant thin film material according to 
claim 49, wherein sa^KBST high dietectrfc thin film material is doped with a 
dopant selected from the group consisting of Ea^ and Sr. 

52. \he BST higr/dielemic constant/thin film material according to 
claim 49, wherein said BST higiydieletoic thiA film material is doped with Ti. 

N / \ / 

53. The BST highytlielectric constant thin film material according to 
claim 52, wherein said BSy high dielectric thin film material is doped with Ti to 
maintain a Ti percentage/of from about 50% to about 53.5% throughout said 
BST high dielectric tfuA film material. 

54. The BST high dielectric constant thin film material according to 
claim 53, whereirythe ratio of Ba to Sr is about 70:30. 
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Mjp-on Rcf.: 98-0981.00/US 

thin film material according to 
£ thin film material is included in a 


56. The BSTflrfiffh Hielectric constant thin film material according to 
claim 49, wherein s^id BST high\lie4ectric thin film material is formed in a 
capacitor. 

^57. A mediod for fabricating a high capacitance trjih film integrated 
circuit capacitor device, said method comprising: 

providing a substrate having a first level and a/second level, wherein said 
first and second levels are connected by a sidewajl region between said first and 


second levels; 

forming a first electrode on said substrate; 

forming a BST high dielettrj/coyistant thin film material on said first 
electrode; 


doping said BST liighypielectrJ 
implantation, wherein sayfdy^ST hig 
maintain the stoichiomfe6V of said 


c thin film material with a dopant by ion 
film material is doped to 
ST higH dielectric thin film material; and 


dielectric 


forming a second electrode on said BST high capacitance thin film layer 
to complete said integrated circuit capacitor. 
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58. The method according to claim 57, wherein said/B BST high 
dielectric thin film material is doped by varying the implant^angle of the dopant. 

59. The method according to claim 58, wherein said dopants are 
selected from die group consisting of barium ^^ontium and titanium. 


60. The method according to claim 59, wherein said BST high 
dielectric thin film material is dope4 with/a dopant selected from the group 
consisting of Ba, and Sr. 

61. The method/according to/cjaim 59, wherein said BST high 
dielectric diin film material is/doped \vkh Ti. 

62. The method/accocding to claim 61, wherein said BST high 
dielectric thin film material ^ cZped with Ti tor^m^n a Ti percentage of from 
about 50% to about 53. Sf/j ^/oughout said $ST high dielectric thin film 
material. 

63. Tht metljjc/d according to claim 62, wherein the ratio of Ba to Sr is 
about 70:30. 

64. The\ mejthod according to claim 58, wherein said first and second 
electrodes are selecJjJecl from the group consisting of Pt, Ru, Ir, Pd, Au ruthenium 

■r 

oxides, and iridium oxides. 
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65. The method according to claim 58, wherein said integrated circuit 
capacitor is fabricated in a DRAM cell. 


66. A method for fabricating a high capacitance thin film integrated 
circuit capacitor device, said method comprising: 

providing a substrate having a first level and a second level, wherein said 
first and second levels are connected by a sidevj/all region between said first and 
second levels; 



forming a first electrode on said substrate; 


forming a BST high dielectric ^constant thin film material on said first 
electrode; 

forming a capping/layer oven said first and second levels of said BST high 
dielectric constant tiiin/rilm material; 


doping said BST high dielectric thin film material fo/med on said sidewalls 
with a dopant by iofi imp'lantation, wherein said BST h^h dielectric thin film 
material is doped va'rying die ion irViplantation implant angle to maintain the 
stoichiometry of said BST high dielectric thin film material; and 

removing Aaid capping layer and forming a second electrode on said BST 

!/! 

high capacitance thin film layer to complete said integrated circuit capacitor. 


67. / The method according to claim 66, wherein said dopants are 
selected from the group consisting of barium, strontium and titanium. 

j 
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68. The method according to claim 67, wherein said BST high 
dielectric thin film material is doped with a dopant sejected from the group 
consisting of Ba, and Sr. 

69. The metiiod according to claim 67, wherein said BST high 
dielectric thin film material is doped with/Ti. 


UJ 


10 


70. The method accoi'cUng to claim 69, wherein said BST high 
dielectric thin film materials do/ed with Ti to maintain a Ti percentage of fronv 
about 50% to about ^3.5% d^pughout said BST high dielectric thin film 
material. 

71. /The me^ioja according to claim 70, wherein the ratio of Ba to Sr is 
about 70:30. 


72-V^I/he method according to claim 66, wherein said first and second 
electrodes are/selected from the group consisting of Pt, Ru, Ir, Pd, Au ruthenium 
oxides, and/iridium oxides. 


15 


73. The method according to claim 66, wherein said integrated circuit 
capacitor is fabricated in a DRAM cell. 


74. An integrated ci^etirts:ap/citor device comprising: 
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a substrate having a first level and a seconoVlevel, wherein said first and 
second levels are connected by a side wall region between said first and second 
levels; X / 

a first electrode provided a^aid^ibsttate; 

a doped B SI high dieflsgftric constant thin fitoi material provided on said 
first electrode, said doped BsT higkdielectric thin film material being doped to 
maintain the stoichiom^try of said BST^gh dieletftric thin film material; and 

a second ele/trode provided on said BST high capacitance thin film layer . 
to complete sak£integrated circuit capacitor. / 

75. The integrated circuit capacitor device according to claim 74, 
wherein said dopants are selected from the group consisting of barium, strontium 
and titanium. 

76. The integrated circuit capacitor device according to claim 75, 
wherein said doped BST high dielectric thin film material is doped with a dopant 
selected from the group consisting of Ba, and Sr. 

77. The integrated circuit capacitor device according to claim 75, 
wherein said doped BST high dielectric thin film material is doped with Ti. 

78. The integrated circuit capacitor device according to claim 76, 
wherein said doped BST high dielectric thin film material is doped with Ti to 
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maintain a Ti percentage of from about 50% to about 53.5% throughout said 
BST high dielectric thin film material. 

79. The integrated circuit capacitor device according to claim 78, 
wherein the ratio of Ba to Sr is about 70:30 

80. The integrated circuit capacitor device according to claim 74, 
wherein said first and second electrodes are selected from the group consisting of 
Pt, Ru, Ir, Pd, Au ruthenium oxides, and iridium oxides. 

81. The integrated circuit capacitor device according to claim 74, 
wherein said integrated circuit capacitor is a container capacitor. 

82. The integrated circuit capacitor according to claim 74, wherein 
said integrated circuit capacitor is formed over a stud. 

83. The integrated circuit capacitor according to claim 74, wherein 
said integrated circuit capacitor is fabricated in a DRAM cell. 


84. An integrated circuit comprising: 



a substrate having i first level and a second level, wherein said first and 
second levels are connected by^a/^icjewall region between said first and second 
levels; 

a first electrode provided on said &bstrate; 
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a doped BST high dielectric constant thin film material provided on said 
first electrode, said doped BST high dielectric thin film material Ipfeing doped by 
angled ion implantation; and 

a second electrode provided on said BST high capacitance thin film layer 
to complete said integrated circuit capacitor. 

85. The integrated circuit capacitor device according to claim 84, 
wherein said dopants are sele£ted-from the group consisting of barium, strontium 
and titanium. 

86. The integrated circuit capacitor device according to claim 85, 
wherein said dobed BST highxiisTecmc thin film materj|al is doped with a dopant 
selected from the group con^tinVyof Ba, and Sr. 

87. The integrated c/rcuit capacitor device according to claim 85, 
wherein said doped BST high dielectric thin fiW material is doped with Ti. 

88. The integr/ted circuit capacitor device according to clairn 86, 
wherein said doped BST high dielectric thin film material is doped with Ti to 
maintain a Ti percentage of from about 50% to about 53.5% throughout said 
BST high dielectricythin film material. 

89. The integrated circuit capacitor device according to claim 88, 
wherein the ratio of B a to Sr is about 70:30 
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90. The integrated circuit capacitor device according to claim 84, 
wherein said first and second electrodes are selected fro/ the group consisting of 
Pt, Ru, Ir, Pd, Au ruthenium oxide^and iruftum oxides. 

91 . The integrated circuXcay^citot device according to claim 84, 
wherein said integrated ^ircuit capa^tV i/a contained capacitor. 


i ; i 


92. The integrated circu/capacifeor^ccording to clairn^84, wherein 
said integrated circuit capacitors formed ^6ve\a stud. 

93. The integrated circuit capacitor according to claim 84, wherein 
said integrated circui/capacitor is fabricated in a DRAM cell. 


n 


j.„i 
P 
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